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Alzheimer disease (AD) is a neurodegenerative disorder of the central 
nervous system. It is recognized as a major public health problem which has a 
severe impact on human beings. A major pathological character is that senile 
plaques(SPs) occur in the brains of patients. SPs are neurotoxic and their 
extensive depositions cause neurodegeneration. The studies show that Amyloid 
β-peptides(Aβs) aggregate and accumulate，moreover， colocalize with numerous 
other associated protein and non-protein components to form SPs. There are 
many factors to induce the Aβ aggregation. It has been reported that metal ions 
have a direct role in the aggregation of Aβ, however，no clear data reveals their 
binding sites on Aβ. Zinc and copper are essential trace metals in normal bain. 
Here，we have pay more attention to the effect of metal ions inducing the 
aggregation of Aβ. 
Electrospray ionization mass spectrometry (ESI-MS) plays an important role 
in life science research for its higher sensitivity, better selectivity, faster analysis 
speed and more reliable results, especially for non-covalent complexes. In this 
thesis, ESI-MS is the main technology to study the weak interaction between 
metal ions and the Aβ peptides. In this paper, we selected a model peptide 
comprising 10-21 amino acid residues of the Aβ, i.e., Aβ(10-21), as the minimal 
fragment including His13 and His14 to explore the characters of binding metal ions. 
Here we studied the Aβ-metal complex by electrospray ionization mass spectrometry 
(ESI-MS).  
The experimental conditions were discussed firstly including pH, temperature, 
apparatus, concentrations, and so on. Initially, we established an ESI-MS analysis 
method to study non-covalent complexes of Aβ peptide with metal ions, the 
investigation were determined by the effect of system parameters and conditions on 
the formation of Aβ peptide with metal ions of non-covalent complex ions. Then the 















under the optimized experimental conditions. Our study revealed the stoichiometry of 
1:1 for the general peptide–metal complexes. And the maxium binding number could 
reach four with the metal concentrations increased. 
In addition, our results showed that both Cu2+ and Zn2+ metal binding induce 
specific cleavages near the histidines of the Aβ(10-21) sequence (H13 and H14), 
indicating their similarity in the metal coordination sphere. The significance of the 
N-terminal hydrophilic region, especially the histidine residues, is the primary 
metal binding sites of Aβ for both Cu2+ and Zn2+. Coordination of metal ions 
with His13 and His14 has been found to be critical to induce Aβ(1–40) 
aggregation.  
Finally, the competitive substitution effect between Cu2+ and Zn2+ in the 
interactions with Aβ was investigated by ESI-MS method. And the phenomena 
demonstrated that Cu2+ had a higher affinity for binding the peptide than Zn2+. Zn2+ 
failed to substitute Cu2+ in the Aβ-Cu2+ complex with a quasi-helix conformation. 
However, in striking contrast to Zn2+, Cu2+ effectively substitutes Zn2+ almost without 
disturbing the conformation of the complexes. Therefore, it can be inferred that Cu2+ 
under certain conditions may be able to inhibit Zn2+-induced formation of Aβ 
oligomers. 
   






























符号 英文含义 中文含义 
AD Alzheimer’s Disease 阿尔兹海默症 
A/Aβ Amyloid β-peptide β-淀粉样蛋白 
ESI-MS Electrospray Ionization Mass Spectrometry 电喷雾质谱 
MALDI Matrix assisted laser desorption ionization 基质辅助激光解吸电离
TOF-MS Time of flight mass spectrometry 飞行时间质谱 
CD Circular dichroism 圆二色谱 
UV Ultraviolet 紫外光谱 
NMR Nuclear magnetic resonance 核磁共振 
X-ray X-ray crystallography X 晶体衍射 
H/His Histidine 组氨酸 
Y/Tyr Tyrosine 酪氨酸 
E/Glu Glutamic acid 谷氨酸 
V/Val Valine 缬氨酸 
Q/Gln Glutamine 谷氨酰胺 
K/Lys Lysine 赖氨酸 
L/Leu Leucine 亮氨酸 
F/Phe Phenylalanine 苯丙氨酸 
A/Ala Alanine 甘氨酸 






































据美国公共健康机构报告，在美国，2000 年时 AD 患者即有 400 万人，有
75%的人年龄在 65 岁以上，每年有 10 万美国人死于此病，并且患病人数还在急
剧增加，AD 已成为仅次于心血管病、癌症、脑中风的第 4 大死亡杀手。1991
年美国用于 AD 患者的费用达 1131 亿美元，平均每例 AD 的直接费用为每年 4.7
万美元，如果计入间接费用，每例可消耗 17.4 万美元[6]。据报道，日本目前有
60 万老年性痴呆症病人，占总人口的 0.56%，2010 年病人数可达 110 万人以上。
在我国，根据国家药监局南方医药经济研究所调查统计，患 AD 的老年人已有




50 岁以前罕见，但随着年龄增高发病率增加，有资料显示， 60 岁以上的人群中
占 10%，75 岁以上的人群中将占 20%，85 岁以上的人群中将占 40%~50%，再
往上年龄每增加 5 岁，发病率增加 1 倍，故此，随老龄人口的不断增长，AD 患
者的群体会不断扩大。我国老年人口增长迅速，目前 60 岁以上的老年人口已达
1.26 亿，占世界老年人口的 1/5，居世界第一位，预计到 2024 年将突破 3 亿。尤
其是上海进入老龄化社会己整整 20 年，到 1998 年底，60 岁以上的老年人已达
235.57 万人，占全市总人口的 18%。我国 近对北京地区 55 岁以上人群痴呆病
调研的结果表明，55 岁以上痴呆症患病率为 4.7%，65 岁以上为 7.8%。上海地
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